Probing the role of histidine-372 in zinc binding and the catalytic mechanism of Escherichia coli alkaline phosphatase by site-specific mutagenesis.
In the X-ray structure of Escherichia coli alkaline phosphatase at 2.0-A resolution, His-372 was found only 3.8 A away from the zinc and forms a hydrogen-bonding interaction with Asp-327, a bidentate ligand of the zinc at the M1 site. However, His-372 does not directly interact with the zinc atom at the M1 site. In order to investigate the role of the side chain of His-372 in zinc binding and the catalytic mechanism of Escherichia coli alkaline phosphatase, site-directed mutagenesis was used to convert His-372 to alanine. The fact that the His-372-->Ala enzyme has similar zinc binding affinity as the wild-type enzyme indicates that His-372 is not involved in zinc binding at the M1 site. However, the altered kinetic behavior of the mutant enzyme compared to the wild-type enzyme suggests that the imidazole ring of His-372 plays an indirect role in the catalytic mechanism of the enzyme. The hydrolysis activity of the His-372-->Ala enzyme at pH 8.0 is 10-fold lower than that of the wild-type enzyme. In the presence of a phosphate acceptor at pH 8.0, the mutant enzyme is approximately 80% as active as the wild-type enzyme. Therefore, the His-372-->Ala mutation selectively enhances the transphosphorylation activity of the enzyme. The His-372-->Ala enzyme also exhibits 4- and 30-fold decreases in Km as compared to the wild-type enzyme in 0.1 M MOPS buffer and 1.0 M Tris, buffer at pH 8.0, respectively.(ABSTRACT TRUNCATED AT 250 WORDS)